Introduction
============

Glioma, which originates from the brain glial cells, is the most common type of intracranial tumor. As no obvious boundary exists between the glioma and normal brain tissue, complete resection is often difficult and inoperable ([@b1-ol-0-0-11660]). Moreover, the tumor cells are less sensitive to radiotherapy compared with other tumor cells, and are susceptible to recurrence ([@b1-ol-0-0-11660],[@b2-ol-0-0-11660]). It has been demonstrated that the median survival time and progression-free survival time of glioma are only 14.6 and 6.9 months in the United States, respectively ([@b2-ol-0-0-11660]). Therefore, glioma has one of the worst prognoses of all systemic tumors ([@b1-ol-0-0-11660]--[@b4-ol-0-0-11660]). Thus, studying the pathogenesis of glioma and identifying effective treatments for malignant glioma has become a key issue to be resolved.

The Rab5 protein is a small GTPase that exists in a monomeric form and belongs to the Rab protein family; it is expressed in numerous mammalian tissues, including the skeletal muscle, liver, kidney, heart, brain and prostate ([@b5-ol-0-0-11660]). Rab5 exists in both active and inactive forms *in vivo*. Rab5 is often localized to the cell membrane in the active form when bound to GTP, and is mainly localized to the cytoplasm in the inactive form when bound to GDP ([@b5-ol-0-0-11660]). Rab5 is thought to be an important regulatory molecule that mediates the transport of substances from the plasma membrane to early endosomes, and participates in early endosome formation, GDP/GTP cycling and endocytosis ([@b5-ol-0-0-11660]). In addition, Rab5 also interacts with its effector molecules, such as Rabaptin-5/Rabex complex, phosphatidylinositol 3-kinase, phosphatidylinositol-phosphatase, early endosomal autoantigen and APPL-1 proteins that are involved in the regulation of intracellular signaling ([@b6-ol-0-0-11660]). Furthermore, high expression of Rab5 has been revealed in tumor tissues of patients with thyroid, lung, liver and ovarian cancer, suggesting that a dysregulation of Rab5 gene expression may be an important factor that leads to tumorigenesis and metastasis in humans ([@b7-ol-0-0-11660]--[@b10-ol-0-0-11660]).

The cell cycle is a basic biological activity of a cell and refers to the entire process of one cell division to the next. Cyclin-dependent kinases (CDKs) are a class of kinases that are central to the cell cycle regulatory network ([@b6-ol-0-0-11660]). Seven CDKs (CDK1-7) have been identified, which have a homology of \>40% in DNA sequence, and the protein products have a relative molecular mass of 30--40 kDa. In addition, all CDKs have a catalytic core of serine and threonine kinases. The content of CDKs, which changes with different phases of cell cycle, is stable throughout any specific phase ([@b6-ol-0-0-11660]). The substrates activated by CDK mainly include PRB, E2F, P107 and P103 ([@b6-ol-0-0-11660]). CDKs have important functions in promoting cell cycle phase transition, initiating DNA synthesis and promoting cell division ([@b11-ol-0-0-11660]). Tumors are characterized by cells with disrupted cell cycle regulation. Therefore, major findings on cell cycle regulation and tumor cell cycle regulation are important for understanding tumor development and progression, clinical diagnosis and treatment.

In the present study, the association between Rab5 expression level and survival rate of patients with glioma was analyzed. Higher expression levels of Rab5 were revealed in different glioma cell lines. The overexpression of Rab5 led to increased proliferation, migration and invasion of glioma cells, which were reversed by the knockout of Rab5 using the clustered regularly interspaced short palindromic repeat (CRISP)/Cas9 system. Additionally, overexpression and knockout of Rab5 also affected the cell cycle and further experiments associated these effects with cyclin E. Thus, the present findings suggest a novel mechanism for Rab5 in regulating carcinogenicity of glioma.

Materials and methods
=====================

### Clinical samples

A total of 30 glioma samples from the core of the tumor and matched normal para-cancer brain samples from the edge of the resected tissue (confirmed as normal by the pathology department) were obtained from patients who underwent surgery at Cangzhou People\'s Hospital (Cangzhou, China) between January 2012 and December 2013. The patient cohort comprised 17 male and 13 female patients (aged between 48 and 78 years) with an average age of 60.1±7.7 years. None of the patients were subjected to pre-operative chemotherapy or radiation treatment. Fresh samples from the operation room were immediately frozen in liquid nitrogen at −196°C. Every patient signed an informed consent form. The ethical approval was obtained from the Medical Ethics Committee of Cangzhou People\'s Hospital (approval no. 20180301). The detailed information of the patients is listed in [Table SI](#SD1-ol-0-0-11660){ref-type="supplementary-material"}.

### Cell culture

Normal human astrocyte cell line (NHA) and glioma cell lines (A172 and SHG-44) were purchased from The Cell Bank of Type Culture Collection of the Chinese Academy of Sciences. U87 MG was obtained from the China Center for Type Culture Collection (cat. no. 3111C0001CCC000208). NHA, A172, U87-MG and SHG-44 cells were cultured in Astrocyte medium, Dulbecco\'s modified Eagle\'s medium, minimum Eagle\'s medium and Roswell Park Memorial Institute 1640 medium (Invitrogen; Thermo Fisher Scientific, Inc.), respectively, with the addition of 10% fetal bovine serum (FBS; Invitrogen; Thermo Fisher Scientific, Inc.) in a 5%CO~2~ atmosphere at 37°C. It has been observed that U87 MG from ATCC is most probably a glioblastoma whose origin is unknown. The U87 MG was used in this study as a reference with SHG-44 and A172.

### Transfection

The full length of the Rab5 cDNA clone was chemically synthesized by Shanghai GenePharma Co., Ltd. and sub-cloned into pcDNA3.0 vector (Invitrogen; Thermo Fisher Scientific, Inc.). Empty pcDNA3.0 vector was used as the negative control (NC). Plasmid transfection was conducted using Lipofectamine^®^ 2000 reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to the manufacturer\'s protocol.

### CRISPR-Cas9

Single guide (sg)RNA-targeting Rab5 was cloned into apSpCas9(BB)-2A-GFP (pX458) vector (Addgene, Inc.; cat. no. 48138). The negative control was non-targeting sgRNA from same sgRNA dataset. The sgRNAs were obtained from the Addgene website (<https://www.addgene.org/crispr/libraries/>). The sequences are presented in [Table SII](#SD1-ol-0-0-11660){ref-type="supplementary-material"}. Following transfection into glioma cells, flow cytometry was used to identify GFP-positive cells. The positive cells were collected and seeded into a 96-well plate for clone cells from a single cell. At four weeks of culture, the cells were transferred from a 96-well plate to a 24-well plate, and positive knockout cells were identified by western blotting and sequenced by normal DNA fragment sequencing.

### RNA extraction and reverse transfection-quantitative (RT-q)PCR

Total RNA from tissues or cells was extracted using TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.), according to the manufacturer\'s protocol. The quality of total RNA was detected by agarose gel electrophoresis assay. Furthermore, 1 µg total RNA was synthesized to cDNA using PrimeScript™ RT Reagent kit (cat. no. DRR0037A; Takara Biotechnology Co., Ltd) at 42°C for 30 min and 85°C for 5 min according to the manufacturer\'s protocol. qPCR was performed on the 7500 Fast Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.) using SYBR-Green Master mix (Takara Bio, Inc.). The thermocycling conditions were as follows: Enzyme activation at 95°C for 30 sec; 30 cycles of denaturation and annealing at 95° for 5 sec and 55°C for 20 sec; hold at 4°C. GAPDH was used as an internal control. The 2^−ΔΔCq^ method was selected for the quantitation of all mRNA ([@b12-ol-0-0-11660]). The sequences of primers are listed in [Table SII](#SD1-ol-0-0-11660){ref-type="supplementary-material"}.

### Western blot analysis

As previously described ([@b13-ol-0-0-11660]), RIPA lysis buffer (Beyotime Institute of Biotechnology) was added to cells (\~1 ml; ice-cold) for ≥20 min. Western blotting was performed using Pierce™ Fast Western Blot Kit, ECL Substrate (Thermo Fisher Scientific, Inc.) according to the manufacturer\'s instructions. Total protein (40 µg, determined by BCA) was loaded onto 12% gels and separated by SDS-PAGE and then transferred to PVDF membranes (GE Healthcare). Membranes were subsequently blocked with milk or BSA, and incubated with primary antibodies against Rab5, GAPDH and cyclin E1 (all 1:1,000; all from Abcam, cat. nos. ab218624, ab181602 and ab33911) at 4°C overnight. Subsequently, the membranes were washed six times with TBS + 0.1% Tween-20 and incubated with secondary anti-rabbit or anti-mouse antibody (both 1:1,000; Abcam; cat. nos. ab97040 and ab205718). Finally, the membranes were washed three times, detected and visualized by an enhanced chemiluminescence detection system (Thermo Fisher Scientific, Inc.). The results were analyzed by ImageJ v.1.8.0 (National Institutes of Health) to determine the average grayscale values.

### Cell proliferation assay

The Cell Counting Kit-8 (CCK-8) assay was used to assess cell proliferation. Transfected cells (4×10^3^ cells/well) were seeded onto 96-well plates for 4 days. CCK-8 reagent (10 µl) was added to the wells and incubated at 37°C for 4 h. The optimal density values of each well were detected at a wavelength of 490 nm, using a microplate reader every 2 days.

### Cell Transwell assay

Cell invasion and migration were assessed using Transwell chambers (8.0 µm pore size; EMD Millipore) with or without Matrigel (BD Biosciences), respectively. In total, \~1×10^5^ cells were re-suspended in serum-free Dulbecco\'s modified Eagle\'s medium (Invitrogen; Thermo Fisher Scientific, Inc.) and added to the upper chamber of the Transwell inserts, and media supplemented with 10% FBS was added to the lower chambers. After incubation for 8 h at 37°C, the invaded or migrated cells on the lower chamber were fixed with 4% paraformaldehyde and stained with 0.1% crystal violet for 30 min at 37°C. Images of the membranes were captured in at least five random fields under a light microscope (magnification, ×40).

### Cell cycle analysis

Cells were trypsinized, harvested and fixed with 75% ice-cold ethanol at 4°C overnight. Cells were subsequently washed with PBS three times, and re-suspended in a solution of PBS, propidium iodide containing 0.1% Triton (Sigma-Aldrich; Merck KGaA) and RNase A (Beyotime Institute of Biotechnology) at 37°C for 30 min in the dark. The G~0~/G~1~, S and G~2~ phases of stained cells were detected using the BD FACSAria III Cell Sorting system (Becton-Dickinson and Company) and analyzed using the ModFit LT software (Version 5.0, Becton-Dickinson and Company).

### Statistical analysis

All data were analyzed using SPSS version 22.0 (IBM Corp.) and GraphPad Prism version 6.0, (GraphPad Software, Inc.) using either Student\'s t-test, one-way analysis of variance (Tukey\'s post hoc test) or Chi-square test analysis. All results were represented as the mean ± standard deviation of at least three independent experiments. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Expression level of Rab5 is increased in glioma tissues and cell lines

Accumulating evidence suggests that Rab5 acts as a key regulator in the development and progression of various types of tumor ([@b6-ol-0-0-11660]--[@b9-ol-0-0-11660]). Thus, the hypothesis of the present study was that Rab5 may serve an important role in the carcinogenesis of glioma. According to the statistical analysis of the clinical data of patients with glioma, a shorter overall survival time was observed in patients with high expression of Rab5 compared with patients with low levels of Rab5 ([Fig. 1A](#f1-ol-0-0-11660){ref-type="fig"}), suggesting that Rab5 may serve as a prognostic marker in patients with glioma. In addition, the expression level of Rab5 in glioma tissues and cell lines was assessed via RT-qPCR. Rab5 was significantly upregulated in both glioma tissues and cells compared with normal tissues and HNA cells ([Figs. 1B, C](#f1-ol-0-0-11660){ref-type="fig"} and [S1A](#SD1-ol-0-0-11660){ref-type="supplementary-material"}). Notably, the level of Rab5 was higher in patients with high tumor stages anaplastic astrocytoma or glioblastoma compared with those with low stage gliomas ([Table SI](#SD1-ol-0-0-11660){ref-type="supplementary-material"}). Furthermore, the expression of Rab5 at protein level was detected by western blot analysis, which indicated that Rab5 was markedly upregulated in glioma cells, consistent with the findings of the RT-qPCR assay ([Fig. 1D](#f1-ol-0-0-11660){ref-type="fig"}).

### Functional role of Rab5 in cell proliferation, migration and invasion

In order to understand the function of Rab5 in glioma cells, the overexpression of Rab5 was conducted by transfecting U87-MG, SHG-44 and A172 cells. The expression of Rab5 was detected by a western blot analysis, which revealed increased expression in all glioma cell lines compared with the NC group ([Figs. 2A](#f2-ol-0-0-11660){ref-type="fig"} and [S1B](#SD1-ol-0-0-11660){ref-type="supplementary-material"}). The CCK-8 assay was applied to assess the role of Rab5 on cell proliferation. The cell proliferation of glioma cells increased within 2 days following transfection, and revealed a significant difference at days 3 and 4. Thus, overexpression of Rab5 increased the proliferation of glioma cells ([Fig. 2B-D](#f2-ol-0-0-11660){ref-type="fig"}).

Transwell assays were performed to detect whether ectopic overexpression of Rab5 inhibited the migration and invasion of glioma cells. The number of migrated or invaded cells was significantly elevated in Rab5-overexpressed glioma cells compared with the NC group ([Fig. 2E-H](#f2-ol-0-0-11660){ref-type="fig"}).

In order to further validate the oncogenic function of Rab5 in the survival, migration and invasion of glioma cells, Rab5-knockout (Rab5-Ko) cells were used by applying the CRISPR/Cas9 system. The knockout efficiency was determined by western blot analysis, which demonstrated the deletion of Rab5 in both Rab5-Ko1 and Rab5-Ko2 cells ([Fig. 3A](#f3-ol-0-0-11660){ref-type="fig"}). Subsequently, the effect of Rab5-Ko on the proliferation, migration and invasion of glioma cells was evaluated. The CCK-8 and Transwell assays revealed significantly impaired proliferation, migration and invasion of Rab5-Ko glioma cells compared with the NC group ([Fig. 3B-H](#f3-ol-0-0-11660){ref-type="fig"}). These data indicate that Rab5 was involved in the survival and metastasis of glioma cells.

### Role of Rab5 in glioma cell cycle distribution

Cell proliferation is associated with the regulation of the cell cycle. Therefore, the function of Rab5 on the glioma cell cycle was elucidated via flow cytometry. The proportions of Rab5-Ko1 and Rab5-Ko2 glioma cells were significantly elevated in the G~1~/M phase compared with the NC group ([Fig. 4A-C](#f4-ol-0-0-11660){ref-type="fig"}). By contrast, overexpression of Rab5 resulted in significantly decreased percentages of cells at the G~0~/G~1~ phase compared with the NC group ([Fig. 4D-G](#f4-ol-0-0-11660){ref-type="fig"}). Thus, Rab5 could induce cell cycle arrest at the G~0~/G~1~ phase in glioma cells.

### Rab5 is associated with the expression of cell cycle checkpoint proteins in glioma cells

As Rab5 was involved in the regulation of the cell cycle distribution ([Fig. 4](#f4-ol-0-0-11660){ref-type="fig"}), its association with the expression of cell cycle checkpoint proteins, including CDK1, CDK2, CDK4, CDK6, cyclin A, cyclin B, cyclin D and cyclin E, was further determined. The expression levels of these cell cycle checkpoint proteins were measured by RT-qPCR in overexpressed Rab5 and Rab5-Ko cell lines. The mRNA level of cyclin E was significantly higher in Rab5-overexpressed glioma cells, whereas the expression of other cell cycle checkpoints had no significant changes ([Fig. 5A-C](#f5-ol-0-0-11660){ref-type="fig"}). By contrast, cyclin E expression was lower in Rab-5 knockout cells compared with the negative control groups. Therefore, the western blot analysis confirmed that the protein expression of cyclin E was higher in cells overexpressing Rab5 ([Figs. 5D](#f5-ol-0-0-11660){ref-type="fig"} and [S1C](#SD1-ol-0-0-11660){ref-type="supplementary-material"}). Notably, the expression level of cyclin E was significantly and positively correlated with Rab5 in glioma tissues ([Fig. 5E](#f5-ol-0-0-11660){ref-type="fig"}), suggesting that cyclin E may serve as a target of Rab5 in glioma.

Discussion
==========

Changes in membrane trafficking are involved in the development of malignant tumors. As in the case of the Rab protein, the components of the membrane transport can serve as new biomarkers and potential cancer therapeutic targets ([@b14-ol-0-0-11660]). The present study demonstrated upregulation of Rab5 in glioma tissue and cells (U87-MG, SHG-44 and A172). Furthermore, Rab5 was demonstrated to affect proliferation, migration and invasion and regulate the cell cycle of glioma cells. Thus, Rab5 is a potential novel biomarker and regulator of glioma.

Malignant tumors are one of the most common causes of death. Traditional chemoradiotherapy and biological targeted therapy are the main methods of treatment in cancer. Current targeted therapies include epidermal growth factor receptor (EGFR) inhibitors, Bcr-Abl tyrosine kinase inhibitors, vascular endothelial growth factor (VEGF) receptor inhibitors, mTOR kinase inhibitors and monoclonal antibodies against CD20 ([@b15-ol-0-0-11660]). Studies have shown that Rab proteins are inextricably associated with tumor development and prognosis ([@b8-ol-0-0-11660]--[@b10-ol-0-0-11660]). By investigating oral squamous cell carcinoma (OSCC) for 10 years, a study revealed that high expression of Rab5, Rab7 and Rab11 in squamous cell carcinomas led to poor clinical prognosis, suggesting their potential as molecular biomarkers of OSCC ([@b16-ol-0-0-11660]). In glioma cells, the expression of Rab38 and Rab34 was negatively correlated with the survival prognosis of patients ([@b17-ol-0-0-11660]). Hepatocarcinoma tissues revealed that Rab27 promoted the expression of membrane-like insulin-like growth factor receptor in tumor cells and the secretion of matrix metalloproteinase-2. The malignancy level of liver cancer increased and lymph node metastasis occurred earlier, worsening the prognosis of patients significantly. Studies have shown that some Rab proteins (Rab1, Rab5, Rab7, Rab8a and Rab18) are involved in the vesicle transport of lipid droplets, by regulating fat formation and lipolysis, which can affect human health ([@b18-ol-0-0-11660],[@b19-ol-0-0-11660]). To the best of our knowledge, the present study is the first to reveal an association between the expression of Rab5 and the prognosis of patients with glioma, which could be exploited in the future for novel treatment options for glioma.

Rab is associated with actin remodeling, following growth factor stimulation, during platelet formation ([@b19-ol-0-0-11660],[@b20-ol-0-0-11660]), which may be due to the activation of the tyrosine signaling pathway and subsequent Ras and Rab5 interaction ([@b5-ol-0-0-11660],[@b21-ol-0-0-11660]). There is some difference in the expression of Rab in tumor cells. Yu *et al* ([@b22-ol-0-0-11660]) identified that Rab5a is a major factor in the transformation of human lung adenocarcinoma tumor cells into an invasive phenotype. Furthermore, the overexpression of Rab5a is associated with increased metastatic potential of human lung adenocarcinoma ([@b8-ol-0-0-11660]). Moreover, the knockout of Rab5a suppresses the viability of HeLa and SiHa cells, mediated by the downregulation of RhoA expression ([@b22-ol-0-0-11660]). The overexpression of Rab5a increases the proliferative activity of ovarian cancer cells ([@b10-ol-0-0-11660]). Similarly, the present study demonstrated that the loss or overexpression of Rab5 influenced cell proliferation, migration and invasion. Moreover, the migration of hepatoma cells was also dependent on VEGF/platelet-derived growth factor and EGFR-mediated tyrosine kinase endocytosis ([@b23-ol-0-0-11660]). Actin remodeling and cell migration is known to depend on Rac activity, which is mediated by regulating the internalization of integrins during cell migration by Rab5 ([@b24-ol-0-0-11660]). The present study also demonstrated the dependency of glioma cells on Rab5 for proliferation, migration and invasion. In contrast to a study that demonstrated Rab5 as a negative regulator of glioblastoma ([@b25-ol-0-0-11660]), the present study revealed upregulation of Rab5 in glioma tissue, and the tumor proliferative ability would be turned down following downregulation of Rab5 in glioma cells. Rab5 is an oncogene and not a tumor suppressor gene ([@b26-ol-0-0-11660]), which was corroborated in publicly available datasets using data-mining methods that also predicted Rab5 as an oncogene (data not shown).

Recent studies have shown that Rab5 is involved in the early stages of cell division by regulating chromosome aggregation and segregation ([@b27-ol-0-0-11660],[@b28-ol-0-0-11660]). Centromere protein F (CENP-F) is a centrosome-associated protein involved in the establishment of centromere-microtubule interactions ([@b27-ol-0-0-11660]). The silencing of Rab5 in cells results in chromosomal fusion defects and a significant pre- and medium-term delay, due to the localization of CENP-F at the point of activation ([@b27-ol-0-0-11660],[@b28-ol-0-0-11660]). The results of these studies indicated that Rab5 is involved in the alteration of laminin during mitosis *in vivo*. Mud is the counterpart of the nuclear mitotic apparatus protein (NUMA), and NUMA serves an important role in the formation and maintenance of vertebrate cell spindles; thus, there is strong evidence that Rab5 is essential for proper binding and alignment of chromosomes in the early stages of mitosis through two different mechanisms ([@b28-ol-0-0-11660]). The present study demonstrated changes in the expression of Rab5 to affect the cell cycle in glioma cells. Furthermore, the cell cycle changes were particularly associated with cyclin E. Cyclin E is a core regulator that promotes S phase entry and progression by activating Cdk2 ([@b29-ol-0-0-11660]). Cyclin E is expressed between the late G~1~ phase and the end of the S phase of the cell cycle. The passage of cells can be limited by the activity of cyclin E, through the restriction point 'R' that marks a 'point of no return' for cells entering the division cycle from a resting state or passing from G~1~ into S-phase ([@b30-ol-0-0-11660]). In the present study, a positive correlation between Rab5 and cyclin E expression was demonstrated. The findings on the role of Rab5 in glioma from the present study was applied to investigate genes that may mediate between Rab5 and cyclin E. However, no obvious direct or indirect interactions between Rab5 and cyclin E were observed (data not shown). Thus, the detailed mechanism by which Rab5 is involved in the cell cycle remains to be further investigated.

Overall, the present study proposes a working model, based on the finding that the change in the expression of Rab5 can affect the prognosis of patients with glioma. The overexpression or knockout of Rab5 leads to changes in cancer cell proliferation, migration and invasion, and influences the cell cycle.

However, the present study had several technical and time limitations; the role of Rab5 in glioma cells was only examined *in vitro*, and the definite function of Rab5 *in vivo* is still unknown. In addition, the underlying mechanism was not fully elucidated. Future studies should shed more light on the function of Rab5 and provide the in-depth mechanisms involved in glioma.
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![Rab5 is upregulated in glioma tissues and cell lines. (A) Analysis of overall survival of patients with glioma and different levels of Rab5 expression. (B) The expression level of Rab5 in glioma tissues and pair-matched normal tissues was detected by RT-qPCR. Relative expression of Rab5 in glioma cells was measured by (C) RT-qPCR and (D) western blot analysis. \*P≤0.05 vs. HNA. RT-qPCR, reverse transcription-quantitative PCR.](ol-20-02-1055-g00){#f1-ol-0-0-11660}

![Overexpression of Rab5 promotes proliferation, migration and invasion of glioma cells. (A) The expression of Rab5 was effectively increased by the Rab5 overexpression plasmid. (B-D) Proliferation rate of (B) U87-MG, (C) SHG-44 and (D) A172 glioma cells was measured by CCK-8 assay. (E-H) Migration and invasion ability were assessed by Transwell assays. Magnification, ×40. \*P≤0.05 vs. NC-Overex. NC, negative control; overex, overexpression.](ol-20-02-1055-g01){#f2-ol-0-0-11660}

![Ko of Rab5 inhibits proliferation, migration and invasion of glioma cells. (A) The deletion of Rab5 expression was demonstrated in Rab-Ko cells. (B-D) Proliferation rate of (B) U87-MG, (C) SHG-44 and (D) A172 glioma cells was measured by Cell Counting Kit-8 assay following Rab 5-Ko. (E-H) Migration and invasion ability following Rab5-Ko, assessed using Transwell assays. \*P≤0.05 vs. Rab-Ko-NC. NC, negative control; Ko, knockout.](ol-20-02-1055-g02){#f3-ol-0-0-11660}

![Rab5 regulates cell cycle distribution of glioma cells. (A-F) Cell cycle distribution of Rab5-Ko in (A) U87-MG, (B) SHG-44 and (C) A172 glioma cells and Rab5-overexpressed in (D) U87-MG, (E) SHG-44 and (F) A172 glioma cells was detected via flow cytometry. (G) Flow cytometry plots of Rab5-Ko or overexpressed glioma cells. \*P≤0.05 vs. NC-Overex or Rab-Ko-NC. NC, negative control; Ko, knockout; overex, overexpression.](ol-20-02-1055-g03){#f4-ol-0-0-11660}

![Rab5 is associated with the expression of cyclin E in glioma cells. (A-C) The expression of cell cycle-associated proteins was measured in (A) U87-MG, (B) SHG-44 and (C) A172 glioma cells by RT-qPCR. (D) The level of cyclin E in glioma cells was detected by western blot analysis. (E) Correlation analysis between Rab5 and cyclin E expression assessed by RT-qPCR. \*P≤0.05 vs. NC-Overex or Rab-Ko-NC. RT-qPCR, reverse transcription-quantitative PCR; CDK, cyclin-dependent kinase; Ko, knockout; overex, overexpression; NC, negative control.](ol-20-02-1055-g04){#f5-ol-0-0-11660}
